T his study investigates the effect of information technology (IT) architecture flexibility on strategic alliance formation and firm value. We first examine the effect of three dimensions of IT architecture flexibility (open communication standards, cross-functional transparency, and modularity) on formation of three types of alliances (arm's-length, collaborative, and joint-venture alliances, respectively). Then, we examine how capabilities in IT flexibility can enhance the value derived from alliances. Our sample includes data from 169 firms that are publicly listed in the United States and that span multiple industries. We find that adoption of open communication standards is associated with the formation of arm's-length alliances, and modularity of IT architecture is associated with the formation of joint ventures. We also find that IT architecture flexibility enhances the value of arm's-length, collaborative, and joint-venture alliances. The contribution of IT flexibility to value is greater in the case of collaborative alliances than in arm's-length alliances. Taken together, these findings suggest that appropriate investments in IT can help to facilitate reconfiguration of resources and modification of processes in collaboration-intensive alliances.
Introduction
Information technology (IT) has transformed the way that firms collaborate. In strategic alliances, collaborative activities include the codevelopment or recombination of products and services, the joint design of systems, and the sharing of managerial or technical expertise. Gulati (1998, p. 293 ) defines strategic alliances as "voluntary arrangements between firms involving exchange, sharing, or co-development of products, technologies, or services." Both prior research and anecdotal evidence suggest that the value of alliances to firms can be enhanced, not only by optimizing the efficiency or accuracy of supply chain transactions, but also by codifying and mobilizing tacit knowledge and reconfiguring processes for the creation of new boundary-spanning processes (Zollo et al. 2002) . The recent experiences of General Motors (GM) and Nissan illustrate the potential importance of these underlying alliance capabilities. GM lost over $4 billion in a failed joint venture with Fiat, whereas Nissan has been able to derive greater value from its joint venture with Renault. The contrasting fate of these joint ventures within the same industry has been attributed to the ability of alliance partners to reconfigure business processes, to transfer managerial and technical capabilities, and to leverage synergies through investments in IT (Mega International 2004 , Gomes-Casseres 2005 , Cisco Systems 2008 .
Whereas prior studies have focused on the effects of IT in reducing transaction and coordination costs in interorganizational relationships (Brynjolfsson et al. 1994 , Clemons et al. 1993 , McAfee 2005 , Mithas et al. 2008 , there is not as much empirical evidence regarding the role of flexible IT architecture as an enabler of interfirm collaboration. In the information systems literature, the study of the role of IT in interorganizational relationships has emphasized efficiency and accuracy of transaction processes in existing supply chains (Barua and Lee 1997 , Hitt 1999 , Mithas and Jones 2007 , Rai et al. 2006 , Srinivasan et al. 1994 . Interfirm alliance capability has also been a subject of extensive research in the strategy literature (Gulati 1999 , Kale et al. 2002 , Lavie 2007 , Zollo et al. 2002 , but this body of work has been largely silent on the role of IT in the alliance context. This study examines whether IT architecture flexibility facilitates strategic alliance formation and enables firms to derive value from alliances. Prior literature suggests that IT architecture flexibility is a multidimensional construct broadly comprised of open communication standards , Sahaym et al. 2007 ), cross-functional transparency , Pavlou and El Sawy 2006 , Sambamurthy et al. 2003 , and modularity of IT architecture (Byrd and Turner 2000 , Duncan 1995 , Sanchez and Mahoney 1996 . We examine the relationship between each of these dimensions and three different types of strategic alliances: arm'slength, collaborative, and joint-venture alliances. We also examine the effect of each dimension of IT architecture flexibility on the value derived from each of these alliance types respectively. Finally, we examine the extent that IT architecture flexibility, as a single construct comprised of all three dimensions, enables firms to derive greater value from strategic alliances. By distinguishing alliances by the relative depth of interfirm collaboration activities or governance form, we discern how each dimension of flexibility plays a distinct role in enabling and deriving value from the formation of alliances. We use data from a panel of 169 firms that are publicly listed in the United States and that span multiple industries; these firms have collectively engaged in 3,129 documented alliances over a period of seven years from 2000 through 2006.
Theoretical Framework
Before proposing hypotheses for alliance formation and alliance value, we discuss a taxonomy of alliances that we use in the subsequent discussion. We define arm's-length alliances as alliances in which two or more firms agree to provide, sell, or exchange a service or product. In these alliances, firms share information or license rights to a product, but activities involving joint development, integration, or recombination of processes or capabilities are relatively absent. Arm's-length alliances are loosely coupled in governance form or in the configuration of interfirm business processes (Orton and Weick 1990 , Ray et al. 2009 , Sahaym et al. 2007 , Schilling and Phelps 2007 . In the market-hierarchy continuum, arm's-length alliances most closely resemble market transactions (Oxley 1997 ). Arm's-length alliances are better suited for the transfer of highly codified capabilities across firm boundaries than they are for the sharing of tacit or firm-specific knowledge needed to codevelop new products or services (Schilling and Phelps 2007 ). Arm's-length alliance partnerships tend to form quickly and with minimal friction or firmspecific investment.
We define collaborative alliances as those that include any of the following characteristics: (1) sharing of firm-specific or tacit knowledge, such as in joint design or development (Anand and Khanna 2000 , Gulati and Singh 1998 , Zollo et al. 2002 ; (2) recombination of products, services, or processes across organizational boundaries (Eisenhardt and Martin 2000, Zollo et al. 2002) ; or (3) heavy coupling of interorganizational business processes , Kim and Mahoney 2006 , Zaheer and Venkatraman 1994 . Unlike in arm's-length alliances, collaborative alliances involve a substantial sharing of tacit knowledge or recombination of firm resources. Collaborative alliances involve leveraging and recombining tacit knowledge and embedded routines, and are often coordination intensive across multiple firm functions. For instance, the Sun/Intentia alliance created a joint competency center involving multiple facets of customer support, sales, marketing, engineering, and testing (see Table A .2 of the appendix). Collaborative relationships such as these foster conditions that enable the joint creation of knowledge. Existing products and services may be recombined to create novel products or services. Rather than a single interface or point of transmission through which partnering firms might exchange data, collaborative alliance partners create channels of communication across multiple functional areas and seek opportunities to recombine multiple capabilities across organizational boundaries.
We also distinguish alliances by their equity basis, which is a common practice in the alliance literature (Anand and Khanna 2000 , Inkpen 2008 , Inkpen and Currall 2004 . Equity joint-venture alliances (or joint ventures) can be either collaborative or arm's-length, and can have features of both. However, what distinguishes joint ventures from nonequity alliances is that they involve the allocation of partner resources to create an entirely new business entity (Inkpen and Currall 2004) . Such alliances also involve bilateral investments in capital, technology, and firmspecific assets (Gulati and Singh 1998) . Compared to nonequity alliances, joint ventures involve greater firm-specific assets and include activities that are more collaborative (Anand and Khanna 2000 , Gulati and Singh 1998 , Oxley 1997 . For these reasons, we consider joint ventures as a third separate category based on their governance form, even as their activity content may share features of arm's-length and collaborative alliances.
We next discuss how three dimensions of flexible IT architecture (open communication standards, crossfunctional transparency, and modularity) can play a distinct role in enabling three types of alliances: arm'slength, collaborative, and joint-venture alliances. Then, we discuss the moderating influence of flexible IT infrastructure on the firm-performance effects of alliance activity.
2.1. IT-Enabled Flexibility and Alliance Formation 2.1.1. Open Communication Standards and Arm'sLength Alliance Formation. Adoption of open standards is an essential dimension of IT flexibility because it allows business partners to rapidly connect, engage, and establish automated communication (Chatterjee et al. 2006 , McAfee 2005 . Gosain et al. (2005, p. 14) define standards as agreements among business partners "on the syntax, semantics, and pragmatic aspects of documents that are to be exchanged for the specific process being coordinated." An important distinction is to be made between open communication standards and proprietary or bilaterally established standards such as electronic data interchange (EDI), which require substantial firm-specific investments on the part of one or both partners (Clemons et al. 1993 , Kim and Mahoney 2006 , Venkatraman 1994 . Proprietary standards can lead to inflexibility in disconnecting or switching to new partners, or in changing the scope of the relationship . Open standards such as those based on Extensible Markup Language (XML), on the other hand, allow for greater flexibility in establishing automated communication between firms (Chatterjee et al. 2006 , Moore 2001 , Zhu et al. 2006 .
We argue that adoption of open communication standards is associated with formation of arm'slength alliances. Prior research provides two theoretical explanations for this. First, the adoption of open standards reduces asset specificity in interfirm technology investments (Sahaym et al. 2007; Schilling and Phelps 2007; Williamson 1981 Williamson , 1983 . Asset specificity in interfirm technology leads to transaction hazards, which firms would try to mitigate by resorting to tightly intertwined partnerships (Kim and Mahoney 2006; Mithas et al. 2008; Williamson 1981 Williamson , 1983 Zaheer and Venkatraman 1994) . Adoption of open standards enables partners to choose arm's-length partnerships instead of resorting to tightly intertwined partnerships. Second, due to issues of organizational culture or competitive positioning, some potential partners are incompatible in forming deeply interdependent alliance relationships and are only willing to engage in arm's-length partnerships with each other. Without open communication standards, alliance partners would need to make asset-specific investments to establish new bilateral communication linkages such as through EDI, which would undermine the arm's-length nature of the relationship.
Open communication standards enable such firms to form arm's-length partnerships when they would otherwise choose not to form any partnership at all.
Hypothesis 1A (H1A).
Adoption of open communication standards is associated with formation of arm's-length alliances.
2.1.2. Cross-Functional Transparency and Collaborative Alliance Formation. We argue that crossfunctional transparency enables firms to engage in alliances that are of a collaborative nature. We define cross-functional transparency as capabilities that are widely deployable, visible, and accessible across different functions in a firm. This definition draws upon related work in prior information systems literature that describes the constructs of digital reach (Sambamurthy et al. 2003) , partner-enabled knowledge creation , and functional competency (Pavlou and El Sawy 2006) . Without cross-functional transparency, functional areas are more likely to be run in isolation as separate silos (Pavlou and El Sawy 2006, Sambamurthy et al. 2003) . Whereas open communication standards enable firms to establish communication channels more easily, cross-functional transparency facilitates collaboration across many functional areas, enabling new joint innovation projects to take place .
Cross-functional transparency can expose mutual capabilities among partners and hence create opportunities for joint innovation. Hagel and Brown (2001, p. 113) refer to this as "the ability to discover and orchestrate distinctive capabilities across enterprises," in which firms "find themselves turned inside out, with their formerly well-guarded core capabilities visible and accessible to all." This is important in collaborative alliances, which involve greater complexity of interfaces and recombination of tacit resources among alliance partners. The high coupling of business processes and exchange of tacit knowledge in collaborative alliances means that they are not only more challenging to form than arm's-length alliances, but also that detecting opportunities for creating value may be more difficult. Without crossfunctional transparency, the opportunities for valuecreation through recombination are more likely to go undetected (Galunic and Rodan 1998) . By increasing the visibility and transparency of knowledge within firms, this dimension of flexible architecture can enhance entrepreneurial alertness and enable firms to extend existing assets to new contexts in collaborative alliances (Sambamurthy et al. 2003) . Therefore, crossfunctional transparency should increase the likelihood that new collaborative initiatives that integrate multiple functional areas are formed.
Hypothesis 1B (H1B).
Cross-functional transparency is associated with formation of collaborative alliances.
2.1.3. Modularity of IT Architecture and Formation of Joint Ventures. Modularity of enterprise functions embodies a third essential dimension of flexible IT architecture (Duncan 1995 , Natis and Schulte 2003 . Modularity of IT architecture enables the firm to decompose processes into atomic, fine-grained units of functionality, referred to as software components, modules, objects, or services, which can then be recombined easily with other modules to quickly construct a new process (Sanchez and Mahoney 1996) . This capability requires the firm to be able to design components at appropriate levels of granularity and resiliency so that they can be more easily added, replaced, or invoked in novel ways without needing to be rebuilt (Prahalad and Krishnan 2008) . By enabling rapid and fine-grained decomposability of business logic or processes, the firm significantly enhances the flexibility of its business processes and is then able to adapt quickly to changes in business requirements driven by market conditions or strategy (Mithas and Whitaker 2007) . This becomes particularly useful in the large-scale reconfiguration of business processes, particularly when a new operating entity is formed as a result of a partnership. This also allows for separability of key functions, which reduces the costs of reconfiguration and enables the creation of new highly integrated entities.
We argue that modularity of IT enhances the likelihood of formation of new business entities as required in joint ventures, by reducing the cost of reconfiguring existing business processes. Among alliance types, joint ventures require a greater degree of task integration in their formation, under conditions of high "uncertainty and decision-making urgency" (Inkpen and Currall 2004, p. 587) . Joint ventures are also dynamic and coevolving systems of collaboration, which further compounds the complexity of integration (Inkpen 2008, Inkpen and Currall 2004) . This requires a substantial ability to disaggregate and reaggregate aspects of firm capabilities and processes, and thus modularity is an important enabler of joint venture formation. Modularity of organizational form, which facilitates the creation of new business entities (Ethiraj and Levinthal 2004 , Sanchez and Mahoney 1996 , Schilling and Phelps 2007 , is enhanced in the modularity of IT architecture. By enabling flexibility and agility in creating new business entities, modularity in IT architecture enables firms to engage in more joint ventures.
Hypothesis 1C (H1C). Modularity of IT architecture is associated with formation of joint ventures.
Dimensions of IT-Enabled Flexibility in
Alliance Value Thus far, we have linked individual dimensions of architecture flexibility to formation of specific types of alliances. We next consider whether each of these dimensions of IT flexibility enables firms to derive greater value from the corresponding alliances. Although IT architecture flexibility is not immediately reflected in accounting measures such as sales, it may be valued by market investors along with other IT capabilities (Anand and Khanna 2000, Chan et al. 1997) . Prior studies have argued for the use of firmvalue-based constructs in studying the performance impacts of investments in IT, because such forwardlooking measures are less vulnerable than accountingbased measures to idiosyncrasies of accounting practice (Bharadwaj et al. 1999 , Brynjolfsson et al. 2002 , Chari et al. 2008 ). Thus, we consider the value implications of aligning each dimension of IT flexibility to a respective type of alliance.
Hypothesis 2A (H2A).
Adoption of open communication standards has a positive moderating influence in the effect of arm's-length alliances on firm value.
Hypothesis 2B (H2B). Cross-functional transparency has a positive moderating influence in the effect of collaborative alliances on firm value.
Hypothesis 2C (H2C). Modularity has a positive moderating influence in the effect of joint ventures on firm value.
Overall IT-Enabled Flexibility in
Alliance Value Although the individual dimensions of IT flexibility may have a direct link in association with specific alliance formation types, it is conceivable that the individual dimensions of flexibility may not in isolation be sufficient to enable firms to derive value from alliances. Thus, we conceptualize a single construct of IT architecture flexibility that comprises all three dimensions and consider how IT architecture flexibility helps to derive value from each of these types of alliances.
Even as alliances are formed, business requirements change and lead to changes in established interfirm processes. Without sufficient modularity, arm'slength alliance partners would be more likely to build firm-specific software patches that undermine the loosely coupled nature of the relationship (Erl 2007) . Modularity reduces relation-specific commitments, should the need arise to modify interfirm processes (Baldwin and Clark 2000 , Byrd and Turner 2000 , Erl 2007 . Without cross-functional transparency, firms would be more likely to create redundant functionality or miss opportunities to create new value. IT architecture flexibility enables firms in arm's-length alliances to avoid excessive integration and protect the loosely coupled nature of the relationship. Therefore, we argue that overall IT architecture flexibility can enhance the value that firms derive from arm'slength alliances.
Hypothesis 3A (H3A). Flexible IT architecture has a positive moderating influence in the effect of arm's-length alliances on firm value.
Because collaborative alliances involve the sharing or tacit exchange of knowledge, they require transformation and integration of products, systems, or processes. These capabilities can be enhanced by flexibility in business processes. Besides enhanced sensing of opportunities through cross-functional transparency, the other two dimensions of flexibility allow the firm to successfully exploit opportunities and to implement new initiatives more effectively in the course of collaborative relationships.
Hypothesis 3B (H3B). Flexible IT architecture has a positive moderating influence in the effect of collaborative alliances on firm value.
Because joint ventures involve the creation of new business entities, they have high reconfiguration costs in formation. Modularity of IT facilitates the creation of new business entities by helping firms to reconfigure operational processes. Adoption of open standards and cross-functional transparency can also complement modularity and help alliance partners mitigate high reconfiguration costs in the coevolution of shared capabilities. In joint ventures, firms become tightly bound together in a governance form that resembles a hierarchical arrangement (Gulati and Singh 1998 , Inkpen 2008 , Inkpen and Currall 2004 , Oxley 1997 , Zollo et al. 2002 . This increases the likelihood that alliance partners will need to coevolve the relationship as business conditions require it, because the governance mechanism is designed to make dissolution of the alliance difficult (Inkpen and Currall 2004, Young-Ybarra and Wiersema 1999) . In addition to modularity, open standards and cross-functional collaboration help make the modular components reusable, interchangeable, and valuable in many business contexts.
Hypothesis 3C (H3C). Flexible IT architecture has a positive moderating influence in the effect of joint ventures on firm value.
Research Design and Methodology

Data
The data for this study come from several sources. First, we utilized data on firms' flexible IT architecture practices reported in the InformationWeek 2003 survey. InformationWeek surveys are considered reliable and have been used in prior studies (Bharadwaj et al. 1999 , Rai et al. 1997 . We also obtained data on annual IT investment from InformationWeek surveys from 2000 to 2006, which was the basis for construction of a panel data set. Because IT flexibility measures were provided in only one year, those measures were treated as invariant, whereas other measures such as alliance formation activity, IT investment, and other variables varied year over year. Although it is possible that firms' utilization of practices related to IT architecture flexibility varied over the time of the panel, such practices would have developed slowly and over at least a multiple number of years (Natis and Schulte 2003) . A panel from 2000-2006 is short enough to assume that the flexible IT architecture practices are constant over this period, and it is long enough to correct for potential unobserved heterogeneity and endogeneity through fixed-effects panel analysis. To check the sensitivity of results to this assumption, we used different windows of time in estimation models. Although different firms are included in the InformationWeek sample in each year, a given firm is present for an average of three out of the seven years.
Second, for firms in the final sample, we retrieved 3,129 alliance announcements from the SDC Platinum database (a product of the Thomson Reuters Corporation) in the period from 1996 to 2006. Although it does not track every deal entered into by U.S. firms, SDC Platinum is considered to be among the most comprehensive sources of data on alliances and has been used in many prior academic studies (Anand and Khanna 2000 , Lavie 2007 , Schilling 2009 ). Alliance records in the SDC database included dates, deal type, descriptions, names, and Standard Industrial Classfication codes of all participating firms, a listing of activities involved in the alliance, and a flag indicating whether the alliance was a joint venture. Less than 7% of the alliances retrieved from the SDC database involved two or more firms included in the InformationWeek data. The rest involved an alliance between an in-sample focal firm, for which we had InformationWeek data, and out-of-sample partners for which we had no firm-level data on IT investment or IT architecture flexibility practices. In many cases, however, we were able to obtain other firm-level or industrylevel characteristics of partner firms from Compustat and the Bureau of Economic Analysis. To verify the representativeness of alliance counts in our data set with the actual population of alliances, we used a random number generator to select 10% of firms in the final sample and conducted comprehensive manual searches for alliance formation announcements in Factiva news database between the years of the study period. We found a statistically significant correlation of 0.81 (p < 0 001) between the SDC alliance counts and Factiva alliance announcement counts. Our findings are consistent with those of Schilling (2009) , who showed that the alliance listings in the SDC database are well representative of the population of alliances particularly when, as in the current study, the sample consists primarily of large firms operating in technology-intensive industries.
Finally, we retrieved performance variables as well as firm-level and industry-level controls from the Compustat North America database. We also gathered these data on each of the focal firms' alliance partners whenever they were available. Our final sample includes 169 publicly listed firms representing 50 different industries at the three-digit North American Industry Classification System (NAICS) level.
Variables
Our measure of IT architecture flexibility is based upon adoption and use of service-oriented architecture (SOA) by the firm, which are closely associated with the flexibility-related capabilities of process reconfiguration and opportunity detection (Chatterjee et al. 2006 , Cherbakov et al. 2005 , Erl 2007 , McAfee 2005 . The IT architecture flexibility measure reflects four dimensions: (1) the use of XML, a common data representation language that is used in SOA (Open standards); (2) the number of business functions for which Web services are used, which proxies for firm wide breadth of Web service use (Cross-functional transparency); (3) the deployment of a services-based architecture (Modularity); and (4) the use of technical standards that comprise an "enabling layer" on top of which SOA is built (SOATechLayer). Because each of the dimensions of SOA has a different scale, we standardized the SOA measure components Modularity, Open standards, Cross-functional transparency, and SOATechLayer. The indicators are not necessarily interchangeable, and the direction of causality flows from these indicators to the main construct. Hence, according to the criteria of Jarvis et al. (2003) , these are formative indicators. An unrotated principal components analysis reveals that all items comprising the measure of SOA load positively onto the first principal component, with weightings for each of between 0.41 and 0.56. Hence, we use the first principal component in all subsequent analysis. Further details about the SOA measures are provided in the appendix.
The measures of alliance formation are the number of new alliance announcements in any given year. Alliances are classified as either collaborative (Collab) or arm's-length alliances (Arm's-len), and also either as joint ventures (JV) or nonequity alliances (Non-Eq). Joint ventures are easy to identify because they are based on a binary variable that is given in the original SDC Platinum data set of alliances, and this source has been used and found reliable in many prior studies (Anand and Khanna 2000, Schilling 2009 ). We developed and validated a procedure of automated content analysis to classify each of the 3,129 alliances as collaborative or arm's-length. Using a set of simple coding rules, we classified each alliance as collaborative or arm's-length based upon the "deal text" field provided in the SDC Platinum database. Finally, we examined the outcome of automated coding for both sufficient variation in data, robustness of results, and consistency with manual coders. Further details about these measures are given in the appendix.
The measure of firm value is Tobin's q (Q), which has been used to measure the performance impacts of alliances as well as of IT investment (Bharadwaj et al. 1999 , Lavie 2007 ): Tobin's q = MVE + P S + DEBT /TA, where P S is the liquidating value of the firm's outstanding preferred stock, and TA is the book value of total assets. MVE is the average of 12 end-of-month market values of equity obtained from the Center for Research in Security Prices, which makes this measure less vulnerable to endof-year market volatility. Consistent with Bharadwaj et al. (1999) , DEBT is calculated as follows: DEBT = (current liabilities − current assets) + (book value of inventories) + (long-term debt).
Among the control variables, IT intensity (IT) serves as a proxy for overall information intensity of a firm's operations. IT intensity is measured as the percentage of revenue represented by the firm's total worldwide IT budget. IT expenditure includes hardware, software, network infrastructure, salaries and recruitment of IT professionals, Internet-related costs, and IT-related services and training. Given the comprehensiveness of this measure in capturing all of a firm's IT-related expenses, this construct is a proxy for overall information intensity of a firm's operations. For a limited portion of the sample, we were able to obtain measures of partner characteristics, including number of employees, research and development (R&D), advertising, free cash flow, profitability, and industryaverage IT investment. We also include control for size of the alliance based upon capitalization values, either estimated or stated in the alliance announcement. All control variables are defined in the appendix. Table 1 shows summary statistics and correlations.
3.3. Estimation Models 3.3.1. Models for Alliance Formation. We use count models because the alliance formation variable is a discrete and positive integer. A common approach in modeling count data is to use the Poisson model, which assumes that the mean and variance of the dependent variable are equal. Because alliance counts show some overdispersion, we also report the negative binomial panel models. For both Poisson and negative binomial models, we utilize panel randomeffects models to account for persistent individual unobserved effects. In all models, the likelihood ratio comparing model estimates to the corresponding pooled models are significant, suggesting that panel count models are appropriate. We also control for year and industry fixed effects, along with a number of firm variables that are considered to influence proclivity to form alliances. We used several techniques to examine the potential effects of endogeneity and simultaneity in robustness checks discussed in §4. Table 2 shows the results of the panel Poisson and panel negative binomial regressions. All regressions are highly significant, as evidenced by the significant Wald chi-square statistics.
Models for IT-Enabled Business Value in Alliances.
In theory, alliances create value that is not quantified in the accounting books: intangible interorganizational resources that can generate future profits through the joint development of new products or services (Anand and Khanna 2000, Chan et al. 1997) . Hence, we incorporate ALNCS, the number of alliances (of any type such as Collab, Arm's-len, or JV) formed annually into a Tobin's q framework similar to the model used by Bharadwaj et al. (1999) :
The matrix X C represents controls for capital intensity, Herfindahl index (a measure of industry concentration), industry regulation, market share, diversification, the log of the number of employees, R&D, and advertising. Equation (1) also includes year and industry (two-digit NAICS) dummy variables.
Fixed-effects panel estimation is a simple way to remove the influence of any firm-specific omitted factors that do not vary much over short periods of time (e.g., organizational culture, managerial capability, and brand reputation), relegating any remaining endogeneity to idiosyncratic time-varying unobservables that are comparatively small. We use robust standard errors to correct for possible nonspherical errors. We note that there would be a reason to cluster errors by individual firm or alliance to correct for the sample containing both sides of an alliance dyad. However, this occurs in such small proportion of cases (less than 7%) that the net benefit of such a correction would be negligible. Overall, our results show a similarity in coefficient estimates (in direction and significance) between random-and fixed-effects models, suggesting that the estimates are robust to the Notes. Panel Poisson and negative binomial (NB) regression models (172 firms, 702 observations) with random effects are shown. The dependent variable is number of alliances formed per year. The models also include two-digit NAICS industry and year dummy variables. Standard errors are in parentheses. * Significant at 10%; * * significant at 5%; * * * significant at 1%.
choice of panel estimator. Because the coefficients of interest are the interaction terms that vary over time, we rely on fixed-effects estimators, which have better consistency properties than random-effects or pooled ordinary least squares (OLS) estimators (Greene 2003) . Along with fixed-effects estimates, we also present pooled OLS results to show cross-sectional effects in the data. We estimated each model with and without additional controls for alliance partners, including R&D, advertising, cash flow, profitability, and number of employees of alliance partners. Because these control variable data are not available for all alliance partners, sample size is substantially reduced when alliance partner control variables are included. The coefficients of interaction terms of interest remain similar in magnitude, direction, and significance, suggesting that we can rely on the larger sample, which does not include these additional controls. Table 2 presents results for our first set of hypotheses linking three dimensions of IT-enabled flexibility with three types of alliances. Hypothesis 1A, which predicts that open standards are associated with a greater likelihood of arm's-length alliance formation, is supported (p < 0 10). We did not find support for Hypothesis 1B, which predicts that cross-functional transparency is associated with a greater likelihood of collaborative alliance formation. Hypothesis 1C, which predicts that modularity is associated with a greater likelihood of joint venture formation, is supported (p < 0 05). We also find that the other dimensions of flexibility are less important for the formation of joint ventures; that is, joint venture formation is not associated with cross-functional transparency and open standards. The results support prior theory linking open communication standards with lower asset specificity (Sahaym et al. 2007 ), and also support our hypothesis linking modularity with joint ventures, which involve the joint creation of new business entities. Table 3 presents results for our second set of hypotheses linking three dimensions of IT-enabled flexibility with value derived from three corresponding types of alliances. Hypothesis 2A, which predicts that adoption of open standards has a positive influence on value derived from arm's-length alliances, is supported (p < 0 05). Hypothesis 2B, which predicts that cross-functional transparency has a positive influence on value derived from collaborative alliances, is also supported (p < 0 01). We did not find support for Hypothesis 2C, which predicts that modularity has a positive influence on value derived from joint We found broad support for the notion that flexible IT architecture, as a single combined construct, will enhance the value creation in three types of alliances. Hypotheses 3A-3C predict that SOA will have a positive influence on the value contribution of each arm's-length, collaborative, and joint-venture alliance, respectively. In the case of arm's-length alliances, H3A is weakly supported; as seen in the fixed-effects panel results in Table 4 (column (3); H3A = 0 0443, p < 0 05, two-tailed t-test).
Results
Hypothesis 3B predicts that SOA will have a positive influence on the value contribution of collaborative alliances. Estimation results in Table 4 support this hypothesis (column (3); H3B = 0 142, p < 0 01, two-tailed t-test). Coefficient estimates show this moderating effect to be greater in the case of collaborative alliances than in arm's-length alliances, as indicated by a comparative F -test significant at the 5% level. This does not appear to be driven by the size or inherent value of these alliances, because we control for size as well as direct effects. This suggests that IT architecture flexibility is particularly valuable when firms need to recombine resources or detect opportunities in the context of tacit knowledge exchange, capabilities that are required in collaborative alliances.
Hypothesis 3C predicts that SOA will have a positive influence on the value contribution of each joint venture. Table 4 shows the effect of SOA with joint ventures along with alliances that are not joint ventures (Non-Eq), and shows that Hypothesis 3C is supported (column (6); H3C = 0 217, p < 0 01).
1 Overall, the findings suggest that the three dimensions of flexibility together are complementary in generating 1 The models in Table 4 examine collaborative versus arm's-length alliances and joint ventures versus nonequity alliances separately. As discussed in the appendix (and shown in Table A. 3), these are alternative classifications of alliances although they have important conceptual distinctions. Joint ventures tend to be (but are not always) collaborative alliances, whereas nonequity alliances tend to be (but are not always) arm's-length alliances. Thus, combining all four types of alliances into a single firm-value model leads to collinearity and inflated errors of coefficient estimates. However, for the sake of completeness, we estimated OLS, random-effects, and fixed-effects models (with the same control variables) in which collaborative, arm's-length, and joint-venture alliances are included together, and verified that Hypotheses 3A-3C are supported in such models as well. Notes. Fixed-effects instrumental variables (FE Panel IVREG) and panel fixed-effects models (FE) ar shown. The dependent variable is Tobin's q. The sample size is 635 observations for 169 firms. Instruments for Arm's-len, Collab, JV, and Non-Eq are one-, two-, and three-year lagged values of alliance partners' resources and investments (total income before extraordinary items, earnings per share including extraordinary items, income taxes, and depreciation and amortization). Models also include two-digit indicators for NAICS industry, year dummy variables, and a constant term. Sample sizes are restricted based on availability of excluded instruments. Hausman test statistics show no significant differences between fixed-effects panel instrumental variables estimates and standard fixed-effects estimates. Standard errors are in parentheses. * Significant at 10%; * * significant at 5%; * * * significant at 1%.
value from alliances, although individual dimensions may not by themselves have positive and significant moderating effects. Variance inflation factors (VIFs) are below 5.7 for all variables, with a mean VIF of 1.95, suggesting no substantial multicollinearity in these models. We note that the marginal effect of IT investment appears less significant here than in estimates reported by Bharadwaj et al. (1999) . Using the same models and variables restricted to the set used in the previous study, we also find that IT investment has a positive and significant effect on Tobin's q.
2 As expected, the marginal effect of IT investment becomes smaller in models that also include SOA. Whereas IT investment represents the financial resources invested to develop IT capabilities, the SOA measure is a more direct proxy of an actual aspect of IT capability (IT flexibility). In light of our theory emphasizing the importance of IT flexibility in the alliance context, the inclusion of alliance formation variables and interactions between alliances and SOA should also result in a lower marginal effect of IT. Further differences in model estimates can be attributed to the smaller size of our final sample (firms reporting SOA measures) and the use of fixedeffects models, which remove cross-sectional effects in the data. We conducted several robustness checks. First, we tested for the effects of possible endogeneity and simultaneity in the number and type of alliances in which firms decide to engage. For models of alliance formation, we conducted seemingly unrelated Poisson and seemingly unrelated negative binomial regressions and found the same statistical significance of hypothesized coefficient estimates as in our reported panel count models, indicating that simultaneous errors across models are not influential. Because pure instrumental variables for SOA are not available, we used a simple approach introduced by Wooldridge (2005) to account for unobserved effects in nonlinear panel models. This technique incorporates a lagged dependent variable and a proxy for initial value of formation of three alliance types (using data from four years before the sample period) into the panel count models. The coefficient estimates of such models have the same direction and statistical significance as in the regular panel count models that we report, and Hausman comparison tests do not indicate any significant differences between model estimates.
Second, we consider potential endogeneity in models for IT-enabled business value, using panel fixedeffects instrumental variable regression results. We used two-and three-year lagged changes in alliance partners' resources and investments (total income before extraordinary items, earnings per share including extraordinary items, income taxes, and depreciation and amortization) as instruments for the annual number of focal firms' collaborative and arm's-length alliances, and also for the annual number of joint ventures and nonequity alliances. Results are shown side by side with regular fixed-effects panel estimates in Table 4 . The F -statistic of the first-stage regression Across all specifications, our coefficient estimates for IT are well within the range of −1 72 to 9.24 in the study by Chari et al. (2008) , and reasonably close to the range of 0.15 to 0.70 in the study by Bharadwaj et al. (1999) . It is important to note that the firmperformance impacts of IT and other investments can differ over time (see Mithas et al. 2012 for a discussion). models and F -test of excluded instruments indicate that the instruments have strong relevance. The statistically insignificant Sargan statistic does not cast doubt on orthogonality of excluded instruments with model residuals (Wooldridge 2002) . The Anderson (1984) Lagrange multiplier test for underidentification is statistically significant, suggesting that the models are not underidentified (the rank condition for identification is satisfied). The Hausman test statistic comparing the panel instrumental variable fixed-effects estimates with the standard fixed-effects estimates is insignificant, suggesting that any possible endogeneity in the number of alliances or proportion of alliance types has no significant influence on the hypothesized relationships. Together, these tests suggest that the instrumental variables are valid.
Third, we conducted tests of reverse causality by including forward values of IT and alliance activity in fixed-effects panel regressions and found those forward values to have no significant effects on Tobin's q. In addition, we conducted tests using historical values of Tobin's q in place of the dependent variablea robustness strategy also carried out by Black and Lynch (2001) . These tests reveal no evidence that historical performance influences current alliance network size, SOA, or IT investment.
Fourth, although we believed the period 2000-2006 to be the most appropriate for inclusion of SOA, we also conducted tests that restricted the panel to years 2002 and beyond and found coefficient estimates that are consistent with those presented here, although, as expected, the statistical precision declines somewhat. We also conducted tests (excluding aggregate IT investment) that include the prior years of 1996-1999 in the model and found coefficient estimates that are consistent in direction and significance with those presented here. As might be expected, the evidence suggests that the emergence of SOA was not a sudden exogenous shock. Rather, the measure of SOA appears to be capturing a firm's engagement in a longer-term program to create business process infrastructure flexibility, having probably begun with earlier incarnations of SOA technologies. We also conducted fixed-effects estimates using additional controls for the ratio of international alliances, number of activities per alliance, number of partners per alliance, as well as three-year prior ratios over total alliances of joint ventures, nonequity alliances, technology alliances, marketing alliances, and service alliances. Although these additional controls were only available for a smaller sample size of 479 observations for 150 firms, the resulting fixed-effects estimates were consistent in showing support for the hypotheses.
Finally, we considered sample selection issues. In the context of fixed-effects panel models, it has been shown that sample selection is only a problem when selection is related to idiosyncratic errors i t , and hence "any test for selection bias should test only this assumption" (Wooldridge 2002, p. 581) . Therefore, we conducted the Nijman and Verbeek (1992) test adapted to the fixed-effects panel context, which involves testing for the significance of a lagged selection indicator in fixed-effects panel models. Results of the test suggested no evidence of selection related to idiosyncratic errors. We also tested separately for incidental truncation of the sample, which can occur when key variables are available only for "a clearly defined subset of the population" (Wooldridge 2002, p. 552) . We did this by conducting a version of Heckman's test extended to the unobserved effects panel data context, by modeling the selection indicator as a pooled probit function of industry characteristics and alliance activity (Wooldridge 2002) . The resulting Mill's ratio showed no significant effect in firm-performance models, indicating no significant influence of incidental truncation in model estimates.
Discussion
Main Findings and Research Implications
To our knowledge this is the first study to examine the quantitative effects of flexible IT infrastructures in the context of strategic alliances, both in formation and value derived from formation. First, we find that open communication standards are associated with greater proclivity to form arm's-length alliances. This finding documents support for the notion that open communication standards reduce firm-specific investments in the establishment of automated communication processes and enable the formation of loosely coupled interorganizational relationships. Second, we show that modularity is associated with the formation of joint ventures. To the extent modularity reduces the costs and risks of reconfiguring business processes (Mithas and Whitaker 2007) , the finding suggests that modularity enhances the ability to form new business entities such as in equity joint ventures. We did not find a statistically significant association between cross-functional transparency and formation of collaborative alliances. This may be because firms are not fully aware of the value of cross-functional transparency, or they are not fully leveraging their cross-functional capabilities; or it could be that crossfunctional transparency inclines firms to rely more on intrafirm rather than interfirm cooperation. Either of these scenarios would weaken the relationship between cross-functional transparency and collaborative alliances. However, as we observed, crossfunctional transparency appears to generate value for firms that form collaborative alliances, even if it does not seem to influence collaborative alliance formation as hypothesized. These findings contribute to the literature on interorganizational relationships by revealing different ways in which alliance formation is tied to flexible IT capabilities.
We also examined the influence of flexible IT architecture on the firm-value effects of alliance formation. First, our findings show that IT architecture flexibility enables firms to derive greater value from arm's-length alliances. We argue that this occurs because IT architecture flexibility makes it possible for alliance partners to maintain a loose coupling and avoid becoming excessively integrated in the course of alliance formation. Second, our findings show that IT architecture flexibility allows the firm to derive greater value from collaborative alliances; we argue that this occurs because IT architecture flexibility enables firms to better exploit opportunities in the course of evolving relationships and to implement new initiatives more effectively. Third, our findings show that IT architecture flexibility enables firms to derive greater value from joint ventures. We argue that this is because IT architecture flexibility reduces the costs of reconfiguring or recombining resources. Our findings suggest that although individual dimensions of flexibility may enable formation of certain types of alliances, all three dimensions of flexible IT architecture together are important in deriving value from such alliances.
We find that the influence of flexible IT on the effect of collaborative alliances on firm value is greater than its influence in the effect of arm's-length alliances on firm value. This finding does not appear driven by the size or value of alliances, because the models include controls for size as well as direct effects of formation on firm value. The comparative result is somewhat surprising because prior theory suggests that greater flexibility should be associated with loosely coupled or arm's-length alliances. It is known that flexibility of IT can enhance the value of arm's-length alliances by enabling frictionless maintenance or termination of loosely coupled processes (Sahaym et al. 2007 ). However, given the increasing digitization of business processes, we believe that the effect of flexibility in IT architecture is increasingly to enhance the sharing of complex and tacit knowledge, and to enable the reconfiguration or recombination of products and processes. These ideas can be explored further in future research.
Managerial Implications
Firms invest substantial capital resources and take significant risks in engaging in corporate alliances, often devoting entire departments to the task of managing their alliances (Kale et al. 2002) . Greater attention is needed on the role of IT infrastructure and business process capabilities in the execution of alliances, and the resulting effects on firm performance. Our results suggest that strategic flexibility should be considered a cornerstone of metrics used to evaluate the effectiveness of IT investment. Hence, firms need to focus on management of IT and digital resources with care in the decisions, planning, and governance of corporate alliances, particularly in the case of collaborative alliances involving the recombination of resources and reconfiguration of processes.
In assessing the potential impacts of IT, managers need to consider the importance of flexibility in IT infrastructure and in business processes. Such flexibility can enable firms to explore strategic synergies through alliances before engaging in mergers. When the firms Hewlett-Packard (HP) and Compaq merged, managers confronted challenges of operational integration due in part to complex and disparate IT environments, and they were ultimately unable to generate synergies on a strategic level (Burgelman and McKinney 2006) . The partnership between HP and Compaq may have been more effective had they first explored and tested their strategic synergies as alliance partners. Managers should identify the specific processes that might interface with those of a partner firm, and consider how those processes need to be transformed using IT. They should also consider how the potential synergies with business partners will help leverage other firm capabilities. Analysts should also pay greater attention to the flexibility of IT architecture when evaluating the market value impact of alliances, particularly in alliances involving close interfirm collaboration.
This study is not without limitations that can be overcome in future work. Although we use a rich set of measures to assess IT-enabled flexibility and the overall flexibility of the IT architecture, we do not know the exact timing of when firms in our sample deployed SOA and related IT applications. Despite use of multiple econometric techniques to rule out alternative explanations, there is a need to exercise caution, and there remains a need to use alternative approaches such as a potential outcomes approach to explore the causal nature of the relationships (see Mithas and Krishnan 2009) .
To conclude, we studied the role of IT architecture flexibility on alliance formation and value. We found that adoption of open communication standards is associated with the formation of arm's-length alliances, and modularity of IT architecture is associated with the formation of joint ventures. We also found that the value of alliances is enhanced by overall IT architecture flexibility, as a single construct comprising all three dimensions, suggesting that all three dimensions of flexibility are important in the value derived from arm's-length, collaborative, and jointventure alliances. Our findings suggest a need for greater consideration of the role of flexibility in ITdriven business processes, in addition to transaction cost and coordination cost reduction, to understand the underpinnings of IT business value in interorganizational contexts. To the extent alliances are a means of recombining resources to innovate and to quickly enter new product or market spaces, firms should pay attention to the capability of reconfiguring internal firm resources and detect new opportunities for value creation, competencies in which IT has a demonstrably valuable role. 
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Appendix. Details Regarding Measures
Coding and Verification of Alliance Attributes We distinguish among alliances based on the types of activities involved. We define collaborative alliances as those that include any of the following characteristics: (1) sharing of firm-specific or tacit knowledge, such as in joint design or development (Anand and Khanna 2000 , Gulati and Singh 1998 , Zollo et al. 2002 ; (2) recombination of products, services, or processes across organizational boundaries (Eisenhardt and Martin 2000, Zollo et al. 2002) ; or (3) heavy coupling of interorganizational business processes , Kim and Mahoney 2006 , Zaheer and Venkatraman 1994 . Unlike in arm's-length alliances, collaborative alliances involve a great deal of information or knowledge exchange and recombination of knowledge. A summary of arguments is provided in Table A.1.  Table A .2 provides a set of examples that illustrate these features of collaboration.
The collaborative alliance examples describe alliance partners working together to develop new products or services, such as the joint competency center between Intentia and Sun Microsystems. The examples also exemplify cooperation involving tacit knowledge and firm-specific assets, such as in the alignment of sales and marketing Sharing of firm-specific or tacit knowledge Collaborative alliances involve not just the exchange of goods and services, but often entail cooperation in the joint design or development of products, services, or information systems (Almeida et al. 2002 , Gulati and Singh 1998 , Oxley 1997 . Tacit or firm-specific exchange of knowledge, such as knowledge sharing typically occurs in joint R&D projects, or in joint software or Internet systems development projects. Highly coupled and integrated business processes Coordination-intensive, highly coupled, and integrated business processes that link firms (Afuah 2000; Clark and Stoddard 1996; Dewan et al. 1998; Dyer 1996 Dyer , 1997 Gosain et al. 2005; Hasselbring 2000; Hitt 1999; Kim and Mahoney 2006; Malhotra et al. 2005; Pavlou and El Sawy 2006) . Reconfiguration or recombination of products, services, or processes
Collaborative alliances are more likely to require reconfiguration, or modification of business processes in the process of alliance formation (Henderson and Clark 1990) . They may also involve the recombination of products or services of multiple firms in the creation of a new product or service. Because collaborative alliances involve the integration of business processes of two distinct firms, over the course of the alliance relationship, firms are likely to reconfigure business processes to accommodate changes in business requirements or conditions (Afuah 2000 , Eisenhardt and Martin 2000 , Teece et al. 1997 , Young-Ybarra and Wiersema 1999 .
teams between Sprint Corporation and Sun Microsystems. Table A .2 also describes the recombination of Colgate's oral care products with Nestlé's confectionary products to create new combined products that "taste good, clean teeth and freshen breath." All three examples illustrate a relatively high degree of tacit knowledge sharing, coordination, and recombination or reconfiguration of processes.
To identify collaborative and arm's-length alliances, we developed an automated coding procedure to classify alliances as collaborative or arm's-length based on freetext descriptions of alliance activities, adapting methods described by Nag et al. (2007) and Tetlock et al. (2008) . Prior Table A.2 Examples of Collaborative and Arm's-length Alliances
Collaborative alliances Example 1: Sprint Corp. (NYSE: FON) and Sun Microsystems (NASDAQ: SUNW) are aligning sales and marketing teams to create a strategic alliance that will provide an integrated Web solution for customers, enabling both companies to capture revenue and market share in the hosting and application infrastructure provider markets. Through this agreement, Sun becomes a preferred technology provider within the Sprint E Solutions Internet Center infrastructure and will help drive significant sales activity during the next three years.
Example 2: Sun and Intentia formed an alliance in which Intentia will offer e-collaboration software and implementation services on the Sun Solaris Operating Environment. Sun will support Intentia's Movex NextGen in go-to-market activities, implementation, and support processes. Working with Intentia's business consultants, Sun will provide professional services to maximize the performance of NextGen running on Sun systems and engage with Intentia's implementation methodology, Implex. To further enhance the Movex NextGen offering, Sun and Intentia will bring complementary technologies and services to joint customers through a competency center. The competency center will provide a comprehensive set of services to help make the implementation process faster, easier, and safer.
Example 3: Food giant Nestlé SA, whose empire includes chocolates and sugar-sweetened ice tea, is joining with toothpaste maker Colgate-Palmolive to market oral-care products. The plan of the joint venture is to "pursue on a worldwide basis the development, marketing, distribution and sale of a portfolio of portable oral care products" that "taste good, clean teeth and freshen breath." The initial product of the collaboration will be Colgate Dental Gum, in its current test markets in Britain, Ireland, and Canada. Arm's-length alliances Example 1: BioProgress PLC (BP) and Wyeth (WT) formed a strategic alliance wherein BP exclusively licensed its XGEL SWALLOW liquid-filled capsule technology to WT. Under terms of the agreement, the alliance provided WT with an exclusive opportunity to evaluate the technology and negotiate terms following upfront payment of a six-figure sum on execution. Example 3: Quest Diagnostics Incorporated, the nation's leading provider of diagnostic testing, information, and services, and Enterix Inc., a privately held colorectal cancer-screening company, announced that they have entered into an agreement to offer InSure, Enterix's proprietary, FDA-cleared testing procedure and device to detect human hemoglobin. The alliance gives Enterix access to Quest Diagnostics' extensive distribution network and their substantial relationships with physicians.
Source. All of the examples are direct quotes from the "deal text" data column provided in the SDC Platinum database.
alliance typologies have used alliance activity labels, but these do not map consistently to theories of collaboration depth where the emphasis is on business processes. Fortunately, relevant information can be extracted from the alliance descriptions ("deal text") that are in free text form in the SDC Platinum database. Converting such free text into a categorical or quantitative measure for large data sets requires a systematic and automated procedure of contentanalysis to ensure consistency, accuracy, and reliability. This procedure involves the following three steps. First, we evaluated the feasibility of content for analysis and identified a set of representative tokens or keywords.
The final sample of 169 firms engaged in 3,129 alliances. Using a random number generator, we randomly selected 10% of these alliances, and then retrieved relevant news articles regarding these alliance announcements through searches in Factiva. We verified that the "deal text" description in the SDC database accurately captures the essential activities involved in the alliance by cross-checking with corresponding news articles in Factiva and found very few inaccuracies of description, suggesting that accurate content analysis of deal descriptions in SDC is possible. Using the criteria of prior theory and theory development of this paper, one of the authors completed a preliminary hand coding of the 10% sample of alliances, categorizing each as collaborative or arm's-length based on a careful reading of the given description. In this manual process, it became apparent that certain keywords were consistently suggestive of whether the alliance was collaborative or arm'slength. This was further confirmed by feeding alliance texts into content analysis software (Wordsmith and Catpac) in two separate groups (collaborative and arm's-length alliance descriptions), and observing nonoverlapping sets of keywords emerge from each group. The roots of keywords associated with collaborative alliances are joint, integrate, develop, cooperate, collaborate, combine, build, produce, manufacture, and design. Roots of keywords associated with arm'slength alliances are license, terms, purchase, provide, market, offer, agree, exchange, sign, grant, sell, and resale.
Second, we developed and refined simple coding rules for automated coding of alliances as collaborative or arm'slength based on their descriptions. Starting with the keywords, we devised a simple set of rules determining whether certain keywords were to be designated as strong or weak; this was sufficient to resolve ambiguities in some cases where an alliance showed characteristics of both collaboration and arm's-length agreement. To further verify these coding rules, two researchers with substantial relevant industry experience independently replicated the manual coding exercise for a 10% randomly selected portion of the training sample of alliances. Correlations among independent coding responses are highly significant at p < 0 001. Having developed and independently verified the coding rules for this randomly selected subset of alliances, we applied the automated coding procedure to the entire set of alliances.
Third, we examined the outcome of automated coding for both sufficient variation in data, robustness of results, and consistency with manual coders. We conducted a confirmatory test of the consistency of the automated coding result with human manual coding based on a different 10% selection of alliance description readings. A two-bytwo analysis of variance yielded a 2 test statistic that was significant at p < 0 001. The alliance type counts are shown in Table A .3, which shows that the automated coding procedure identified 42.5% of the alliances as collaborative and 57.5% of the alliances as arm's-length. Consistent with theory, joint ventures are more likely to be collaborative alliances, whereas nonequity alliances are more likely to be arm's-length alliances Singh 1998, Zollo et al. 2002) .
Finally, some basic robustness checks were employed to examine the sensitivity of data and analysis to small changes in these coding rules. We generated added-variable plots on collaborative and arm's-length alliances to identify influential data points and found that neither removal of these data points nor minor alterations in coding rules had any effect on the significance or direction of the main results.
Measuring Dimensions of IT Architecture Flexibility
Among IT capabilities, SOA is closely associated with the flexibility-related capabilities of process reconfiguration and opportunity detection (Cherbakov et al. 2005, Prahalad and Krishnan 2008) . SOA is a framework comprised of guidelines and principles that enable greater ease of change, modularity, and transparency of business processes (Babcock 2007) . Each dimension of IT architecture flexibility is measured using the following questions from the InformationWeek 2003 survey. Below, we list the pertinent survey question after the description for each dimension. The answer choices for each question are available from the authors. To construct each flexibility dimension measures we used the standardized sum of standardized items for each question. To construct the measure of overall IT architecture flexibility, we used the first principle component across all three dimensions plus a measure for the SOA technology layer. Open Communication Standards. We measure open communication standards as the extent of use of common data representation language, XML, that is used in SOA (XML). XML can be defined simply as a platform-independent metalanguage for storing and transmitting information. XML is the basis for many open standards that enable automated communication. These standards are developed through a rigorous and public process by the leading Internet standards bodies of the World Wide Web Consortium (W3C) or the Organization for the Advancement of Structured Information Standards. XML-based communication standards have been developed to facilitate communication in almost every industry, such as in the petroleum industry exchange (http://xml.coverpages.org/pidx.html), structured product labeling in the pharmaceutical industry (http://www.dclab.com/spl_conversion.asp), and the financial information exchange protocol among many other standards in the financial industry (http://www .fixprotocol.org/). Some standards, such as ebXML, are used in multiple industries such as the automotive, healthcare, and travel industries. Other standards are more horizontal in that they pertain to a general technology medium or function rather than industry-specific business processes; these include standards for voice, mathematical documents, vector graphics, and database queries, among many others (http://www.ibm.com/developerworks/xml/ standards/). To measure the extent of use of XML as a proxy for adoption of open communication standards, we count the number of processes in which XML is used, including in website functionality, in data exchanges or transactions with customers or suppliers, in content management, in data or application integration, or in pilot testing/evaluation.
Survey question: How does your organization use XML if at all? (Choose ALL that apply; five choices)
Cross-Functional Transparency. Cross-functional transparency reflects the extent to which electronic interfaces are visible and accessible for use across the organization. We use the breadth of use of Web services as a proxy for crossfunctional transparency. Web services are defined simply as a body of "Internet-era standards for exchanging data between applications" (McAfee 2005, p. 78). More precisely, Web services are a specific body of standards developed by the W3C that enable industrywide standards of communication syntax based upon a vendor-neutral communications framework. Web services have become the de facto framework for SOA. The greater the breadth of use of Web services across different functional areas of the firm, the greater the transparency and visibility of capabilities across the firm, and the greater the likelihood that firms will be able to engage or recombine capabilities in collaboration with other firms. We measure breadth of Web-services utilization as the number of organizational goals or functional areas for which Web services have been adopted in the firm.
Survey question: Which of the following goals, if any, constitute your organization's business case for adopting Webservices standards? (Choose ALL that apply; 11 choices) Modularity. Even in the presence of open communication standards or cross-functional transparency, it would be difficult to reuse, recombine, or leverage these capabilities in the process of creating new functional entities without sufficient modularity made possible by a services-based architecture. In the SOA framework, the basic modular units of functionality are known as services. As a proxy for modular architecture, we consider whether a services-based IT architecture has been widely deployed within the firm.
Survey question: Has your IT department developed and deployed a companywide services-based IT architecture? (Choose ONE only; four choices. This item was first coded as binary, with the value of one for selection of choice a, "Yes, deployed widely," and zero otherwise. The measure was then standardized.)
It is worthwhile to clarify the distinction between the measurement of modularity and cross-functional transparency. By capturing the number of functional areas that are involved in the firm's SOA initiative, the measure of cross-functional transparency is a proxy for the degree of discoverability, or transparency, of digital business services across functional areas. This measure is distinct from modularity, because firms may require all functional areas to participate in a centrally defined IT architecture and to make their services available through that architecture. Although this promotes transparency across functional areas, firms often enforce such transparency without modularizing their digital business services. In practice, this has been an ongoing problem hindering the flexibility of firms with monolithic IT architectures. In contrast to the measure of cross-functional transparency, the measure of modularity pertains to the architecture of the firm's IT systems, and specifically whether the firm has a services-based architecture that is deployed widely in the firm. Sometimes firms deploy a services-based architecture, which enables modularity of its digital business components, but relatively few functional areas participate in the initiative (Brown et al. 2009 ). Without the wide participation of various functional areas in the SOA initiative, key digital business capabilities remain obscured between functional areas even as the technical means to modularize those components has been put into place. This is a well-known problem of SOA governance that hinders the flexibility of firms to exploit new business opportunities (Brown et al. 2009 ). One of the key advantages of a comprehensive SOA capability is that it enables firms to benefit from both flexibility and transparency, and not to get mired in the trade-offs between centralized and decentralized systems that have hindered traditional IT architectures in the past.
Alliance Network Controls
Alliance Activity Scope (Scope). This control measures the number of cooperative activities per alliance.
International. This control measures the percentage of alliance partners whose corporate headquarters are located in a different nation from that of the focal firm.
Experience with Technology-Based Alliances (Tech Hist. 3 year). This control measures the percentage of alliance activities, over the three previous years (t − 4 to t − 1 , involving the joint development of new technology or technological processes: manufacturing, software development, research and development, Internet, computer integrated systems, telecommunications, communications, and exploration.
Experience with Marketing-Based Alliances (Mkt Hist. 3 year). This control measures the percentage of marketing-based alliance activities, over the three previous years (t − 4 to t − 1 .
Experience with Joint-Venture Alliances (JV Hist. 3 year). This control measures the percentage of alliances, formed over the three previous years (t − 4 to t − 1 , that are joint ventures.
IT Intensity of Partners (IT Prtnr). This control measures the industry-level approximation of average IT intensity of business partners, using the most detailed available NAICS codes available for each industry in the Bureau of Economic Analysis (fixed assets consumer durable goods, current cost) data.
Free Cash Flow of Partners (Cash Prtnr). This control measures the average free cash flow of alliance partners.
Profitability of Partners (ROA Prtnr). This control measures the average return on assets (ROA) of alliance partners. ROA is measured as the operating income (Compustat #13) divided by the total book value of assets (Compustat #6).
Employees of Partners (Empl Prtnr). This is the average number of employees of alliance partners.
R&D of Partners (R&D Partnr). This is the average R&D expenditure ratios of alliance partners.
Advertising of Partners (Adv Prtnr). This is the average advertising expenditure ratios of alliance partners.
Partners per Alliance. This is the average number of partners per alliance formed in the current year.
Same Industry. This control measures the percentage of alliances formed within the same three-digit NAICS code.
Alliance Size. Alliance size is estimated as the focal firm's total capitalized value of alliances, divided by number of alliance partners. To impute missing values, we used a sample of 4,766 alliances from the original data set in which alliance size was specified. This sample was randomly partitioned into a training sample of 60% and validation sample of 40%. A Tobit regression model was estimated using the training sample; the parameters were dummy variables representing alliance activity types, two-digit industry codes, year, and governance type. The resulting model was then tested using the validation sample; the resulting mean standard error of prediction difference was less than 1.5%. This measure is expressed in millions of dollars in summary statistics and rescaled to billions of dollars in regression estimates.
Industry Controls
Industry Concentration (Herfindahl index). This variable is given as i s 2 ij , where s ij is the market share of firm i in industries j, as in Hou et al. (2006) Weighted Industry Average Tobin's q (Industry Tobin's q). Market share weighted average Tobin's q for all firms with the same three-digit NAICS code.
Weighted Industry Capital Intensity (Ind. cap. intens.). The control is the market share weighted average capital intensity, defined in Waring (1996) as physical capital/net income. Physical capital is the book value of physical capital (Compustat #8).
Regulation. This is a binary variable for regulated industries; these include airlines, banking, pharmaceuticals, and utilities.
Firm Controls
Employees. This variable measures the number of employees in the firm, which is a measure of firm size, in thousands.
IT Intensity (IT). This variable measures the percentage of revenue represented by the firm's total worldwide IT budget, from annual InformationWeek surveys.
Advertising Intensity (Advertising). This variable measures the portion of sales spent on advertising. If this value was missing in Compustat, we used the three-digit NAICS industry average, weighted by the firm's industry segments.
R&D Intensity (R&D). This variable measures the portion of sales spent on research and development. If this value was missing in Compustat, we used the three-digit NAICS industry average, weighted by the firm's industry segments.
Weighted Market Share (Market share). This variable is given as j MS ij P ij , where MS ij is firm i's market share in three-digit NAICS industry j, and P ij is the portion of the firm i's sales in industry j. The variable P ij is calculated using the Compustat Industrial Segments database.
Related diversification (Rel. diversification). This measures is given by P t log 1/P t − P u log 1/P u , as described by Robins et al. (1995) , where P t is the percentage of sales in each four-digit NAICS industry, and P u is the percentage of sales in each two-digit NAICS category.
